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the north by an Alberta, or farther east by a Hudson 
Bay anticyclone. The pressure-wave crest usually suc- 
ceeded in crossing the continent by this system of relays. 
The direct result of this succession of high and low 
pressure areas was a frequent alternation in temperature 
over northern and central districts. 
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FREE-AI R CONDITIONS. 

By L. T. SAMUELS, Meteorologist. 

Mean free-air tem eratures for the month (Table 1) 
showed a general ten x ency, with increase in elevation, to 
approach average condhons. At the surface and lower 
levels, however,. all the departures were negative, and 
closely conformed in amount with those shown in Climnto- 
logibal Chart 111. I t  will be noted that at  Dresel and 
Royal Center, the regions having the largest departures, 
these were all negative from the surface to the highest 
level, while at the other four stations the sign was reversed 
and positive departures were found in the higher levels. 
In general, where the negative departures at  the surface 
were smallest the positive depnrtures were found nearer 
the surface accordingly. 

The mean relative humidities were in general inversely 
roportional to the temperatures as regards departures 

Prom the average, a condition to be expected. A pro- 
longed dry spell occurred in the upper levels a t  Groesbeck 
from the 9th to the E th ,  inclusive, when a rather s t row 
low- ressure area central to the north of Gr0esbec.k cause3 

relative humidity. Values from 14 to 20 per cent were 
reported from the 2,000-meter to 3,000-meter levels dur- 
ing this entire period, wherees the average values for these 
levels are 52 and 54 per cent, respectively. 

Vapor pressure departures conformed in general to the 
temperature depart,ures with the reatest negative values 

perature departures were largest. 
In Table 2 are given the resultant winds for the month, 

and i t  will be noted that these correspond quite closely 
to the average values. At Drexel, where the largest 
negative teniperature departures occurred, will nlso be 
found a much smaller southerly component in the reuul- 
tant directions thnn normally. Only a few observations 
showed wind velocities exceeding 30 metera per second, 
and these are given in the following table: 

stea B y and deep southwesterly winds with resulting low 

occurring a t  Drexel, where i t  will 5 3  e noted negative tcm- 

stations. 
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All of these were pilot-balloon observations. The kite 
flight at  Royal Center on the mornin of the 7th indicated 

meters, where the velocity was 29 meters per second. 
Southwest storm warnings were dis layed on the Lower 
Lakes at  10 R. m. that morning, an because of the uick 
movement of the storm the warnings were ordered own 
the following evening. 

During the late afternoon and night of the 13th an un- 
usually severe electrical storm occurred IL t Washington, 
D. C., the rainfall totaling 3.37 inches, of which 2.79 
inches fell within one hour. Esamination of the free-air 
observations in connection with this storm reveals the 
interesting and significant fact that differently directed 
air currents prevalled over this section of the country a t  
and previous to the time of the storm. The surface 
weather map showed this re ion to be under the influence 

high-pressure areas, n condition suitable for over and 
under running currents of air. 

Pilobballoon observations on the afternoon of the 13th 
at, Bolling Field and Washington, D. C., showed northerly 
winds a t  the surface, changing through the west to 
souther1 at about 1,500 meters above. Stations to the 

N. C.; Langley Field, Va.; and Lee Hall, Va., had sou%: 
erly winds extending from the surface to the up er levels. 
Dah1 en, Va., situated between Washington, 5. C., and 

surface to 1,500 meters-the highest level reached. The 
movement of both the lower and upper clouds at this 
station, however, was from the sou& or southwest. Thus 

iiorth6rly one, the former extondin obliquely from gh“ t e 
i t  is evident that ti southerly current was overrunnin 

Lan ley Field. *he 3 p. m. ilot-balloon observation at 

about 1,500 meters above the surface. At Aberdeen, Md., 
to the north of Washington, this current was not ob- 
served, although the balloon was followed to an altitude 
of 3,000 meters. Furthermore, the Ci.-St. clouds at this 
observation were rfported as movi 

This condition, 1. e., a cool nort T erl current under- 
running one of higher temperature, a n i t h e  latter prob- 
ably being very humid, undoubtedly contributed lar el7 
toward the roduction of excessive condensation. ft IS 

the slope of this southerly current, the opposite northerly 
one cut and overran the one from the south, thereby ro- 
ducing favorable conditions for stron convection in t E ese 
higher levels and terminatin in a t f underatom. Such 
an unstable condition would % e accelerated because of the 
latent heat liberated b the condensation taking place in 

high winds aloft, but the kites were % eaten down at 2,000 

1 2 

of a low-pressure trough, K ying between two adjacent 

south o P those named above, however, vis, Camp Bra 

Langey P Field, Va., reported northerly winds from the 

surface a t  some lace south of Dlt % lgren and north of 

WasLgton, D. C.,.showed t R is southerly current to be 

from the NW. 

very prohab P e that in view of the apparent steepness of 

the moist layer of air P rom the south. 
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On the morning of the 12th the weather map showed 
the surface isobars to be widely separated in the eastern 
section of the country and conditions were favorable for 
high ilot-balloon soundings. The balloon a t  Washing- 
ton, 8. C., on the morning of this date was observed for 
114 minutes and reached an altitude of 20,000 meters. 
The record appears trustworthy and has been accepted as 
substantially correct. The wind direction was southerly 
from the surface-to 10,000 meters, above which it was 
easterly to the hl hest level observed. The velocity of 
the southerly win$ averaged only 3 or 4 meters per sec- 
ond, but as soon as the upper easterly WRS encountered the 
wind speed increased accordingly to about 10 meters per 
second, falling off again to nearly calm a t  14,000 meters 
end increasing again to l G  meters per second a t  19,000 
meters. This upper easterly wind was also reached on 
the same morning a t  Aberdeen, Md. 

On tshs mornings of the 23th and 29th a1t.it.ude.s of 
28,000 and 17,000 meters, respectively, were reached at, 
Broken 'Arrow, Okla. Both were made with a sin le 

atmosphere between 6 kilometers and 12 kilometeix on 
the 28th and between 3 kilometers and 14 kilometem 011 
the 29th. On tho 38th the velocity increased gradually 
above 12 kilometers, but from 23 kilometers the record IS 
very likely in error and the balloon probably became 
leaky, causin an ap arent shar increase in velocit to 
the highest !%el. h e  wind Jrection above 12 h o -  
meters was northerly. A double-theodolite observlttion 
would have been very interesting in connection with such 
a long run, so that more credence might be placed in the 
respective altitudes, and therefore another observation 

with two theodolites, but this was ended when 
was the ba befY oon burst at 14 kilometers. To this height the 
ascensional rate of the balloon was found to corres oncl 

meters was northerly. 

meters was observed as follows: 

Aberdeen, Md .._......_._.____.... 12,13. 
Broken.4mw, Okh _......__..____ 15,24,25,28, 29. 
Diin West. S. C ____.........._.___. 11. 25. 

theodolite. There was a nearly calm condition of t B e 

beautifully with the assumed rate in the sin le-the0 cp olite 
observation. On the 29th the direction a % ove 14 kilo- 

Easterly movement of the atmosphcre above 10,000 

Station. Dates. 

. . . . . . 

TAULE 1.-Frce-m'r &~in.pmtures, !lat.iiv humidities, and vapor pres- 
n~re.9 during Juht, 1923. 
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Ellendale, N. Dak .__..........._.__ 11: 
Groesheck, Tex ....._ - ...._.._...._ 5,  10, 17, 20, 24, 25, 27, 30, 31. 

............ ......'......I 
11 

Key West, Fla ..._...__.._._...... 26. 
Roclcwell Field, Calif. - - -. . . . . . . . - - 12. 
San Francisco, Calif ._._ - - -. . - -. - - - 10. 
Waehington, D. C _.__....._._..._.. 13. 

TABLE 2.-Ffee-air resultant miid8 im. p., 8.) duri1i.g Jdy, 1922. 
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